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The nucleolus has been studied intensively
in many species and has been found to change
markedly in response to physiologic and
patbologic stimuli. Tewari and Bourne (1)
have recently reviewed the biochemical evi-
dence indicating that size of the nucleolus is
related to the synthetic activity of the cell.
Investigative studies indicate that nucleolar
volume is usually largest before or during an
increase in nucleolar ribonucleic acid content;
this, in turn, precedes most active protein
synthesis by the cell.
Stowell (2) has demonstrated that the
nucleolar volume in actively proliferating cells
of embryonic mouse pancreas is two to three
times that of adult mouse pancreatic nucleoli.
Caspcrsson (3) reported that the cytoplasmic
nucleotides and proteins were considerably
reduced in pancreatic acinar cells after pilo-
carpine injection but were rapidly resynthe-
sized during restoration of zymogen granules.
Extending this work, Stowell measured nucleolar
volumes and found them to increase during
the resynthesis of zymogen granules. Castro
and Foraker (4) studied nucleolar mass in
normal rat livers as well as in regenerating
livers of partially hepatectomized rats. By
interference microscopy, the nucleoli of re-
generating liver cells were found to have a
larger mean mass than those from normal
liver.
Although a number of investigations have
been concerned with the effects of ultraviolet
light on the nucleolus in tissue culture cells
(5, 6, 7, 5, 9, 10, 11, 12), the effects on the
nucleolus in the intact animal have not previ-
ously been studied.
This report concerns ultraviolet light-induced
nucleolar changes in human epidermis studied
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by electron microscopy. The resolution ob-
tained with this instrument permitted precise
measurements of nucleolar size as well as ob-
servations of qualitative changes.
MATEaIAL AND METHODS
Four times the minimal erythema dose of me-
dium pressure, mercury vapor irradiation filtered
through 2 cm of water was administered to the
left lumbar area of a normal 24 year old white
male. Biopsy specimens were obtained without
anesthesia from the irradiated site and symmetri-
cal control site at intervals of 1, 3, 12, 72 hours
and 1 week. Tissues were fixed immediately in
cold, 1%, phosphate-buffered (pH 7.3) osmium
tetroxide solution, postfixed in 10% neutral
buffered formalin, and dehydrated in graded alco-
hols. Specimens were embedded in Maraglas
epoxy resin (13) followed by curing at 60 degrees
C for 48 hours. Sections 200 to 500 A thick were
cut on a Porter-Blum microtome and placed on
copper grids. After staining with uranyl acetate,
they were studied in an RCA EMU-3F electron
microscope at 50 KV.
Stratum spinosum nucleolar areas (area =
rAB) were computed from micrographs of epi-
dermis in the 12 and 72 hour and 1 week speci-
mens. The longest axis (A) of a given nucleolus
was measured and the second measurement (B)
was of an axis perpendicular to the longest axis
and at the midpoint of the longest axis (Figure
2). Measurements were carefully restricted to in-
clude only nucleoli in cells distal to the stratum
basale aod proximal to the stratum granulosum.
Tbe aim was to exclude influences on nucleolar
size resulting from mitosis (stratum basale) or
other nuclear transformations (stratum granu-
losum). No measurements were taken of nucleoli
unless they were well delineated and clearly sepa-
rate from the nuclear membrane and nucleolus-
associated chromatin.
Thick sections (1 to 3 y) were cut from the
same specimens and prepared for study by light
microscopy. The thick sections were treated with
an epoxy solvent (14) for one minute. After
rinsing with water, they were stained for one
minute in a crystal violet solution (1% in 5%
aqueous sodium bicarbonate).
RESULTS
Careful examination of many crystal-violet
stained sections by light microscopy revealed
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FIG. 1. Epidermis (stratum spinosum), 72 hours post-irradiation. Nucleus (N). Nucleolus(No). Large particle portion of nucleolus (Lp). Small particle portion of nucleolus (Sp).
Ribosomes (R). Mitochondrion (M). Melanin granules (Me). Dense body (Db). Tonofibrlls
(Tf). Golgi vesieles (G). Vacuole (V). X 13,300.
that nucleolar size was increased in the 72 hour
post-irradiation skin when compared with con-
trol skin. However, accurate measurement of
nucleolar diameters in the thick sections used
for light microscopy was impossible. There was
no increase in the number of nucleoli per nu-
cleus, and nuclear size did not seem altered.
Nucleoli in our specimens had the two
principal structural components described by
previous investigators (15) (Figs. 1 and 2).
One zone contained particles of fairly uniform
size, measuring in diameter from 145 A to 289
A (mean of 205 A). These were similar in size
and character to particles in the nucleoplasm
and cytoplasm which have been identified as
ribonucleoprotcin particles (ribosomes). The
other major portion of the nucleoli was com-
posed of zones of smaller, less well resolved
particles of variable density. Figures 1 and 2
depict the structure of the nucleolus in the 72
hour post-irradiation epidermis. The irradiated
nucleoli exhibited no readily apparent morpho-
logic differences from the unirradiatcd nucleoli
except for increase in size. A summary of
nucleolar measurement data is given in Table
I. The nucleoli were roughly spherical to
ellipsoidal in shape.
Thickness of stratum corneum was essen-
tially normal in the 12 hour specimen but was
markedly increased in the 72 hour and 1 week
post-irradiation specimens (Fig. 3).
STATISTICAL ANALysIs
Since the variances of the different biopsy
specimens were heterogeneous, nucleolar meas-
urement data were analyzed using a weighted
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FIG. 2. Epidermis (stratum spinosum), 72 hours post-irradiation. Nucleus (N). Nucleolus
(No). Large particle portion of nucleolus (Lp). Small particle purtion of nucleolus (Sp).
Ribosomes (R). Mitochondrion (M). Arrow A indicates longest axis of nucleolus. Arrow B
indicates axis perpendicular to midpoint of longest axis. )< 30,685.
TABLE I
Measurements of nucleoli
(N = number of nucleoli measured. Mean expressed in 5cb)
Time Treatment N Mean Std.Error 95% Conf. Limit
12 hrs Irrad. 56
12 hrs Unirrad. 58
'1.598 .370
5.0149 .'133
3.858 to 5.338
'1.183 to 5.915
72 hrs Irrad. 130
72 hrs Unirrad. 9'l
9.730 .582
5.661 .310
8.580 to 10.880
5.01414 to 6.278
analysis of variances of a completely random-
ized design. The weighted analysis yielded an
J? ratio which was significant with p < .01.
Because of the heterogeneity of the variances
and the disproportionate sample sizes, further
tests were not possible. Ninety-five percent
confidence limits were computed for the means
of each of the biopsy specimens and these are
depicted in Figure 4. The only group which is
clearly different is the 72 hour post-irradiation
specimen. Variation in the width of the confi-
dence limits is an indicator of the hetero-
geneity of the variances.
DISCUSSION
The specific function of nucleoli in cells has
not yet been definitely ascertained. It has been
well established, however, that the cell nucleus
I week Irrad. 1014 5.9140 .325 5.296 to 6.5814
I week Unirrad. 100 5.373 .290 '1.799 to 5.9117
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is a primary site of ribonucleic acid synthesis.
Much evidence has accumulated which sug-
gests that the nucleolus plays a predominant
role in RNA synthesis in the nucleus (16, 17,
18).
Particles aggregated in the nucleoli in our
specimens measured 145 A to 289 A in diameter
(mean 205 A). This is consistent with the ob-
servations on nuclear particle size by Allfrcy
(18) who suggested that particles of this size
were nuclear or nueleolar ribosomcs.
It is necessary to determine whether the
nucleolar enlargement observed in our prep-
arations is a sign of (1) increased metabolic
activity, (2) metabolic block with accumula-
tion of materials in the nucleoli, or (3) nu-
cleolar degeneration. Since nucleolar morphol-
ogy seems normal except for the increase in
size, there is no evidence of degeneration in
the organelle. The increased thickness of the
stratum corneum observed in the 72 hour and 1
week post-irradiation specimens is believed to
be due to enhanced synthesis of keratin, the
fibrous protein which is the end preduct of
epidermal cellular differentiation. The temporal
coincidence of kcratin synthesis with nueleolar
enlargement suggests to us that the increase in
nuelcolar size is associated with increased meta-
bolic activity and protein synthesis rather than
with metabolic blocking. However, observa-
tions will have to be made to correlate these
morphological changes with biochemical or
cytochemical evidence of increased nuclcolar
RNA synthesis in order to substantiate this
conclusion.
SUMMARY
Biopsy specimens of normal human epidermis
irradiated with ultraviolet light were studied
by electron microscopy. A marked increase in
size of nucleoli in the spinous layer of the
epidermis in the 72 hour post-irradiation speci-
mens was observed. Statistical analysis of the
size of the 72 hour irradiated and control nu-
cleoli showed this increase to be significant.
Nucleolar enlargement correlated with stratum
corneum thickening suggests that nuelcolar en-
largement is associated with increased protein
synthesis by the epidermis.
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